Nanobiocellulose has established to be a remarkably versatile biomaterial and can be used in wide variety of applied scientific endeavours, especially for medical devices. In fact, biomedical devices recently have gained a significant amount of attention because of an increased interest in tissueengineered products for both wound care and the regeneration of damaged or diseased organs. Due to its unique nanostructure and properties, microbial cellulose is a natural candidate for numerous medical and tissue-engineered applications. The architecture of nanobiocellulose materials can be engineered over length scales ranging from nano to macro by controlling the biofabrication process. In this work, bacterial cellulose biocomposites were obtained by change fermentation medium with sugar cane, honey and dates paste (Dibs). SEM and AFM images showed differents surface morphology. FTIR analysis found some interactions between these additives. DSC and TGA showed higher thermal properties and change crystallinity of the developed bionanocomposite.
INTRODUCTION
Microbial cellulose is an exopolysaccharide produced by various species of bacteria, such as those of the genera Gluconacetobacter (formerly Acetobacter), Agrobacterium, Aerobacter, Achromobacter, Azotobacter, Rhizobium, Sarcina, and Salmonella. 1 Many Gramnegative bacteria secrete extracellular polysaccharide material, but only a few have been shown to produce cellulose. A. xylinum, the most studied of bacterial cellulose producers, is a Gram-negative, aerobic, rod-shaped organism. 2 Plant and bacterial celluloses have identical chemical structure, but different physical and chemical properties. Recently nanocellulose has been called as the eyes of biomaterial highly applicable to biomedical industry which includes skins replacements for burnings and wounds; blood vessel growth; nerves, gum and dura-mater reconstruction; scaffolds for tissue engineering; stent covering and bone reconstruction. 3 4 The performance of bacterial cellulose stems from its high purity, ultra-fine network structure and high mechanical properties in dry state. 5 6 These features allow its applications in scaffold for tissue regeneration, medical applications and nanocomposites. * Author to whom correspondence should be addressed.
The structural features of microbial cellulose, its properties and compatibility of the biomaterial for regenerative medicine can be changed modifying its or surface modification by physical 7 8 and chemical methods 9 10 to obtain a biomaterial with less rejection with celular contact and blood contact cells interation. Shaping of bacterial cellulose materials in the culture medium can be controlled by the type of cultivation that changes chain sizes, origin of strains that produced different proportion of crystalline phase of bacterial cellulose, and kind of bioreactor. Then, it obtained bacterial cellulose hydrogel or in dry state by methods like freeze-drying. 11 12 There is several factors that affecting cellulose production like growth medium, environmental condictions and byproducts. Generally, medium containing high carbon between others (often nitrogen) is favourable for polysaccharide production. 13 14 Sani et al. improve the production of bacterial cellulose nanofibres by using CSL and molasses as nitrogen and carbon source, respectively. Molasses is found to be a better carbon source than glucose. Molasses is about 50% sugar by dry weight, predominantly sucrose but also containing significant amounts of glucose and fructose. The non-sugar content includes many salts such as calcium, potassium, oxalate, and chloride. konjac powder, plant infusions such as tea (Camellia sinesis), and the combined use of fructose, glucose and acetic acid. 15 Manipulating BC biogenesis can be a useful approach for fine-tuning BC properties to appropriate applications or for producing BC composites with tailored characteristics. A few researchers have undertaken this approach, including Ciechanska, 16 who fabricated modified BC by growing it in a chitosan-modified growth medium for wound dressing application, and Ref. [17] , who produced modified BC in a carboxymethylcellulose-, methylcellulose-and poly(vinyl alcohol)-modified medium to produce watercontent-controlled BC for medically useful biomaterials.
Bodin et al. obtained BC tubes with different shapes and sizes depending on the product requirements, which has made BC interesting to be explored for use in other biomedical applications such as bone graft material and a scaffold for tissue engineering of cartilage and blood vessels. 18 Tang et al. obtained BC mats with different pore size and porosities changed fermentation conditions (cultivation time and inoculation volume) and post-treatment methods (alkali treatment and drying methods). 19 Backdahl et al. produced a novel method to introduce microporosity in BC tubes intended as scaffolds for tissueengineered blood vessels, by placing paraffin wax and starch particles of various sizes in a growing culture of Acetobacter xylinum, bacterial cellulose scaffolds of different morphologies and interconnectivity were prepared. Paraffin particles were incorporated throughout the scaffold, while starch particles were found only in the outermost area of the resulting scaffold. 20 Grande et al. developed self-assembled nanocomposites of cellulose synthesized by Acetobacter bacteria and native starch. Potato and corn starch were added into the culture medium and partially gelatinized in order to allow the cellulose nanofibrils to grow in the presence of a starch phase. Structural properties determined by XRD and ATR-FTIR showed that the crystallinity of BC was preserved in spite of the presence of starch, hence the mechanical properties of the nanocomposites showed no significant decrease. 21 However, scaffold's success depends much on the cellular adhesion and growth onto the surface, thus biopolymer's chemical surface can dictates cellular response by interfering in cellular adhesion, proliferation, migration and functioning. So, changes both in the fermentation process and structural changes especially superficial attempt to achieve this goal. 22 Several cellular activities such as adhesion, proliferation, migration, differentiation, and cell shape are influenced by the ECM in which they reside. In spite of different cell types and nanoscale features some general rules are shared by these cell-substrate interactions. Cells identify the exposed surface topography and nanofibers features like porous matrices and alignment influence the adhesion, spreading, proliferation, and gene expression of various cell types seeded on them. Differents cell behaviors were found in several surface topography obtained from lithography, 23 24 phase separation, 25 electrospinning, 26 nanoimpriting, 27 self-assembly. 28 Among various applications studied so far, which has already reached the level of practical use is related to electronic industry with acoustic diaphragms, sensor applications and Organic Light Emitting Diode. [29] [30] [31] [32] In this work, bacterial cellulose biocomposites were obtained by change fermentation medium with sugar cane, honey and dates paste (Dibs) to produce a biomaterial with potential applications in medicine, food packing and sensor applications.
EXPERIMENTAL DETAILS

Materials
Bacterial cellulose membranes, ∼500 mm thick, were supplied from Innovatecs-Produtos Biotecnológicos Ltda, Brazil. Sugar cane extract were purchased from Hangzhou New Asia International Co. Dates paste extract was obtained from Kharja Date Packing Factory during the sorting operations of the high quality fruits and honey samples were purchased from Zhejiang Jiangshan Bee Enterprise Co., Ltd.
Synthesis and Fermentation of Bacterial Cellulose
The acetic fermentation process is achieved by using the sugar as carbohydrate source. Different carbon sources can be used for the cellulose synthesis, namely glucose, fructose, cane sugar, dibs, honey. Results of this process would be vinegar and a nanobiocellulose biomass. The modified process is based on the addition of sugar cane, dates paste or honey (1% w/w) to the culture medium before bacteria are inoculated. After being added to the culture medium the medium is autoclaved at 100 C. Then, bacterial Cellulose (BC) produced by Gram-negative bacteria Gluconacetobacter xylinus can be obtained from the culture medium in the pure 3-D structure consisting of an ultra fine network of cellulose nanofibres (3-8 nm), highly hydrated (99% in weight), and displaying higher molecular weight, higher cellulose crystallinity (60-90%), enormous mechanical strength and full biocompatibility. 33 
Bionanocomposites Characterization
Scanning Electron Microscopy (SEM)-Scanning electronic microscopy images were performed on a PHILIPS XL30 FEG. The samples were covered with gold and silver paint for electrical contact and to perform the necessary images.
Surface morphology of nanocellulose was observed using atomic force microscopy, NanoScope IVa, Multimode SPM (Veeco Inc) in tapping mode. . The measurements were done at the heating rate of 10 celsius/min and the temperature range was 25 C-700 C.
TGA-Thermogravimetric analysis (TGA) was carried out for biocomposites using a NETZSCH TG 209F1 in Helium environment, with a heating rate of 30 C/min. The temperature range scanned was from 50 C to 700 C. The weight of all specimens was maintained around 10 mg.
RESULTS AND DISCUSSION
Bacterial Cellulose Mats
Bacterial cellulose mats were characterized by SEM and AFM. Figure 1 shows, as an example, SEM image of bacterial cellulose formation from (a) sugar cane, (b) dibs and (c) honey respectively. These results confirm that the BC is ideal scaffold requires with porous structure which can provide maximum integration with cells and body fluids, plus have a nanostructure surface which facilitates the adhesion of cells.
The morphological changes such as size and bacterial cellulose fibers surface can be observed by AFM from each BC production. Clearly, AFM images shows that by changing the culture medium of bacterial cellulose results in an excellent dispersion of nanofibers with high aspect ratio and these fibers has thickness from 30-40 nm. Otherwise, these alterations resulting in surface roughness changes too. It is known that the surface roughness is related to the recoverable strain of the material and consequently the optical properties presented in the film. A high roughness is related to the presence of large, coarse spherulites, leading to greater opacity of the film. 34 So, clearly, in Figure 2 it can be concluded that Figures 2(b) and (c) has high roughness and presence of large coarse spherulites than Figure 2 (a).
Interaction Between Bacterial Cellulose and Fermentation Components
In order to analyze influences of sugar cane, dibs and honey in bacterial cellulose chemical structure, FTIR spectrum of absorption was analyzed in the range between 250 and 4000 cm −1 and with resolution of 2 cm −1 with samples. The main chemical groups of the bacterial cellulose in infrared spectroscopy are: 3500 cm −1 : OH stretching, 2900 cm −1 : CH stretching of alkane and asymmetric CH 2 stretching, 2700 cm −1 : CH 2 symmetric stretching, In Figure 3 infrared spectrum of modified bacterial cellulose is analyzed. The FTIR-spectrum shows absorption peak in the region of 3400 cm −1 , characteristics of hydroxyl absorption bands probably due interaction between bacterial cellulose with honey, dibs and sugarcane. It can be observed large CO 2 impurity in 2300 cm at the time of measurement. Another absorption peak was obtained in the range of 1490 cm −1 , which shows the presence of a carbonyl group in the bacterial cellulose together with bonds corresponding to those of glycoside, including C-O-C at 1162 cm −1 (as in case of natural cellulose). These results clearly shows one possible interaction between bacterial cellulose and honey, dibs and sugarcane mainly by hydrogen interactions between hydroxyl and carbonyl groups.
Thermal Analysis
TGA-In order to analyze thermal behavior for bionanocomposites are characterized typical weight loss verses temperature plots. The TG spectrum (Fig. 4) shows a weak loss of weight due to the evaporation of water (at temp. 85 C) and also quick drop in weight at a temperature of approx. 300 C is mainly attributed to thermal depolymerization of hemicellulose and the cleavage of glycosidic linkages of cellulose, 36 37 complete degradation of cellulose take place between 275 and 400 C. 38 39 The TG curve shows that the maximum rate of degradation occurs at temperature of approx. 370 C for bacterial cellulose/cane sugar and bacterial cellulose/dibs. However, bacterial cellulose/honey has higher degradation at temperature of approx 450 C mainly because of higher crystallinity rate. These results clearly evidence higher thermal behavior with developed bionanocomposites than pure bacterial cellulose mats. DSC-The crystallization behavior in the bionanocomposites was carried out by DSC tests. It can be observed in Figure 5 , heating curves of bionanocomposites. From the course of the curve, the first transformation is related to the evaporation of water at an endothermic maximum of 85 C. According to literature, at a temperatures of 80-140 C, there is an know transformation related to the melting of the crystalline phase of cellulose. 40 The next transformation occurs only at the temperature of approx. 355 C, leading to the decomposition of the sample.
All systems analyzed presents differents thermal behavior. It can be observed that cane sugar addition cause peak broading probably caused by the presence of crystals with different thicknesses and varying degrees of perfection because the addition of filler. Besides, it can be observed in Figure 5 that system has fusion peaks shifts to lower temperatures and with less crystals to merge, characteristic of a system with lower crystallinity. Otherwise, honey and dibs addition facilitated the mobility in crystallization process, with obtained symmetrical crystals and crystallization occurred at higher temperatures, characteristic of a system with higher crystallinity.
CONCLUSIONS
Bacterial cellulose with its characteristics like nanofibers size and distribution, mechanical properties, compatibility and ability to mold is a biomaterial indispensable in health area. It was the intention of this work to broaden knowledge in this subject area and stimulate the practical application of bacterial cellulose with new materials and biocomposites obtained with fermentation control for potential applications in medicine, food packing and sensor applications. It can concluded after fermentation bioprocess change that SEM and AFM images showed differents surface morphology. FTIR analysis found some interactions between these additives. DSC and TGA showed higher thermal properties and change crystallinity of the developed bionanocomposites. Honey/bacterial cellulose sample presents higher crystallinity and cane sugar/bacterial cellulose sample presents lower crystallinity in studied system.
